INTRODUCTION
============

Hemispatial neglect (HSN) is characterized by reduced awareness of stimuli from the opposite side of the brain lesion \[[@b1-arm-19112]\]. HSN is closely related to damage to the temporoparietal junction and the posterior parietal cortex of the brain area which is associated with attention to the contralateral space. The lack of attention in the contralateral space can occur in the visual, auditory, proprioceptive, and olfactory areas, and is characterized by a lack of awareness of sensory input \[[@b2-arm-19112]\]. HSN is not uncommon in patients with right hemispheric lesions, occurring in 13%--81% of cases \[[@b3-arm-19112],[@b4-arm-19112]\]. HSN patients experience difficulties in performing daily activities and may not be able to detect dangerous objects located on the affected side \[[@b5-arm-19112]\]. These issues can make post-stroke rehabilitation difficult and prevent functional recovery \[[@b6-arm-19112]\]. Therefore, HSN diagnosis and prognosis prediction are important for achieving rehabilitation \[[@b7-arm-19112]\].

The evaluation of HSN in stroke patients is important and various tests have been developed for this purpose \[[@b8-arm-19112]\]. The most commonly used pencil-and-paper tests are the line bisection test (LBT) \[[@b9-arm-19112]\], clock drawing test \[[@b10-arm-19112]\], Albert test \[[@b11-arm-19112]\], and star cancellation test \[[@b12-arm-19112]\]. In particular, the LBT is a simple and less time-consuming test that is widely used in the clinical setting, with a relative test sensitivity of 76.4% for visuospatial neglect \[[@b13-arm-19112]\]. However, grade assessment by LBT in HSN includes only the deviation from the evaluation result and the performance time is not considered \[[@b14-arm-19112]\]. HSN after stroke is significantly improved in 43% of cases within 2 weeks and 63% of cases are nearly recovered within 3 months \[[@b15-arm-19112]\]. HSN is associated with various cognitive functions in the patients; therefore, many studies have assessed the relationships between neglect and various cognitive functions \[[@b16-arm-19112]\]. Previous studies demonstrated the relationship between neglect and cognitive impairment using the Mini-Mental State Examination (MMSE), while the severity of neglect was assessed using visual perception tests such as the MotorFree Visual Perception Test (MVPT) \[[@b17-arm-19112],[@b18-arm-19112]\]. HSN patients reportedly have greater deterioration in attention \[[@b19-arm-19112],[@b20-arm-19112]\], which is related to the duration of the cognitive function test and test performance time \[[@b21-arm-19112],[@b22-arm-19112]\]. The present study investigated whether LBT performance time could predict the HSN prognosis and to confirm the relationship between MMSE and MVPT-3 (MVPT 3rd edition).

MATERIALS AND METHODS
=====================

Subjects
--------

We prospectively enrolled all patients with a first acute stroke admitted to the Department of Rehabilitation Medicine of CHA Bundang Medical Center between December 2017 and March 2019. Patients were included: (1) who experienced a stroke as confirmed by a neurologist using computed tomography or magnetic resonance imaging, (2) were aged ≥20 years, (3) were able to perform at least a one-step obey command, (4) had motor power of at least one upper limb higher than a fair grade on the manual muscle test on admission (as fair and below fair motor grades could interfere with the evaluation test), and (5) who were diagnosed with HSN using the LBT. Subjects (1) with an underlying neurological condition other than stroke such as brain tumor, traumatic brain injury, and hydrocephalus; (2) with a history of diseases that can affect visual function such as ophthalmologic disease; and (3) in whom evaluation was impossible because they could not sit independently were excluded. The study was conducted according to the principles of the Helsinki Declaration and was approved by the Institutional Review Board of CHA Bundang Medical Center (No. CHAMC2017-11-037). All patients were provided written and oral information about the study and all patients provided their consent before study participation.

All patients received neglect treatment such as visual scanning, prism adaptation, biofeedback training, and limb activation depending on their function. Five patients received repetitive transcranial magnetic stimulation treatment for cognitive improvement ([Table 1](#t1-arm-19112){ref-type="table"}).

Evaluation methods
------------------

Based on the improvement in LBT grade (from that at baseline to that at 4 weeks thereafter), the patients were divided into improved and non-improved groups. The patients were allocated to the improved group when the LBT grade was lower than that at baseline (that measured at admission); if the baseline LBT grade was not lower than that at baseline, the patient was allocated to the non-improved group.

All the evaluations were performed by an experienced occupational therapist and reviewed by a rehabilitation specialist. The following evaluation tests were performed 4 weeks after the baseline evaluation.

Primary outcome measure
-----------------------

### LBT

The LBT is a tool proposed by Schenkenberg et al. \[[@b9-arm-19112]\] for evaluating unilateral neglect. On the test paper are 20 lines in a random arrangement, with 8 lines in the center, 6 on the left, and 6 on the right. The lines are 100, 120, 140, 160, 180, and 200 mm in length ([Fig. 1](#f1-arm-19112){ref-type="fig"}). In this study, the A4-size test paper was placed on the patient's center line with the patient in a sitting position. The examiner first showed the center point of the two top and bottom lines and instructed the patient to mark the center points of the remaining 18 lines. The top and bottom demonstration lines were excluded when measuring scores. The test ended when the patient believed that he/she had completed the task and placed the pen on the desk. In this study, the test time was measured using a stopwatch and there was no time limit.

The severity of HSN was classified as follows in this study. We calculated the mean of the 6 left and 6 center straight lines and calculated the standard deviation for each patient using the following formula:
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The mean value of normal subjects was -0.59, with a standard deviation of 4.35. A standard deviation absolute value \>l indicated mild neglect (grade 1), \>2 indicated moderate neglect (grade 2), and \>3 indicated severe neglect (grade 3). Patients with a standard deviation absolute value \<1 were classified as normal \[[@b14-arm-19112]\].

Secondary outcome measure
-------------------------

### MVPT-3

The MVPT-3 is a tool for evaluating visual perception ability without using motor function ([Fig. 1](#f1-arm-19112){ref-type="fig"}). The MVPT was first developed in the 1970s; the present study used the MVPT-3 revision from 2003. The preliminary reliability and validity have been reported and its validity has been reported using Rasch analysis \[[@b23-arm-19112],[@b24-arm-19112]\]. The MVPT-3 assesses the overall perception of spatial relationships, visual discrimination, figure-ground discrimination, visual closure, and visual memory, and is divided into the following eight sub-areas: visual discrimination, form constancy, visual short-term memory 1, visual closure 1, spatial orientation, figure ground, visual closure 2, and visual short-term memory \[[@b23-arm-19112]\]. The test comprises 65 items; for patients aged ≥11 years, only items 14--65 are evaluated. In this study, the raw score was used in the evaluation without using the conversion score according to age.

### Korean version of the MMSE

Of several MMSE translations used in Korea, this study used the K-MMSE. The K-MMSE comprises five points of orientation for time (5 points), orientation for place (5 points), registration (3 points), attention and calculation (5 points), recall (3 points), language (8 points), and visual construction (1 point). The total score is 30 points \[[@b25-arm-19112]\]. In this study, the differences between the scores at baseline and after 4 weeks were verified using the total score.

Statistical analyses
--------------------

Differences in the baseline characteristic variables between the patient groups were analyzed by age, onset to baseline evaluation, Korean version of the Modified Barthel Index score using Mann--Whitney U-tests, sex, and etiology using Fisher exact tests; the side and location of the brain lesions were analyzed using linear by linear association. Mann--Whitney U-tests were conducted to compare the baseline and changes in LBT time, MVPT-3, and K-MMSE between the two groups.

Logistic regression analysis was conducted to identify the prognostic factors of HSN from baseline. The included factors were age, sex, onset to baseline evaluation day, side of the brain lesion, location of the brain lesion (frontal, parietal, and temporal lobe), baseline LBT time, baseline MVPT-3 score, and baseline MMSE score.

Statistical analyses were performed using standard statistical software (SPSS version 21.0 for Windows; IBM, Armonk, NY, USA). The significance level was set at below 0.05.

RESULTS
=======

Baseline subject characteristics
--------------------------------

A total of 39 patients were recruited. Six were lost to follow-up; of the remaining patients, 7 who received grade 0 in the baseline LBT were excluded from the statistical analysis ([Fig. 2](#f2-arm-19112){ref-type="fig"}). Finally, 26 stroke patients (18 men and 8 women; mean age, 60.4±10.5 years) with HSN were included (15 with ischemic stroke and 11 with hemorrhagic stroke). According to the change in the LBT grade, the patients were divided into the improved (n=13) and non-improved (n=13) groups. The times from onset to baseline evaluation were 56.6±122.2 days in the improved group and 27.0±18.6 days in the non-improved group. All patients showed the times from onset to baseline evaluation within 90 days, except for one patient in the improved group (460 days). [Table 1](#t1-arm-19112){ref-type="table"} summarizes the demographic and clinical characteristics of the patients. No statistically significant differences were observed between the two groups.

Comparisons between improved and non-improved HSN groups
--------------------------------------------------------

### Comparisons of baseline LBT performance times and changes in LBT performance time after 4 weeks

A significant difference was observed in the baseline LBT performance time of both groups (p\<0.05). However, the changes in the LBT performance time after 4 weeks were not significantly different (p\>0.05) ([Table 2](#t2-arm-19112){ref-type="table"}, [Fig. 3](#f3-arm-19112){ref-type="fig"}).

### Comparison of baseline MVPT-3 score and changes in MVPT-3 score after 4 weeks

No significant differences were observed in the baseline MVPT-3 and changes in MVPT-3 scores of the two groups (p\>0.05) ([Table 2](#t2-arm-19112){ref-type="table"}, [Fig. 3](#f3-arm-19112){ref-type="fig"}).

### Comparisons of the baseline K-MMSE total scores and changes in the scores at 4 weeks

No significant differences were observed in the baseline K-MMSE and changes in K-MMSE scores of the two groups (p\>0.05) ([Table 2](#t2-arm-19112){ref-type="table"}, [Fig. 3](#f3-arm-19112){ref-type="fig"}).

Logistic regression analysis
----------------------------

Logistic regression analysis performed for each variable in all the subjects showed that sex, baseline LBT time, and baseline MVPT-3 score were significantly associated with HSN ([Table 3](#t3-arm-19112){ref-type="table"}).

DISCUSSION
==========

This study aimed to determine whether the LBT performance time, which corresponds to sustained attention, is related to HSN prognosis. The results demonstrated a shorter baseline LBT performance time, higher proportion of male sex, and higher baseline MVPT-3 score in the improved group. Therefore, HSN was more likely to reduce when the test performance time was short because the LBT was conducted more intensively.

Many theories have been proposed to explain the characteristic behaviors of HSN, the most widely accepted of which is the attention-based theory. HSN is believed to be caused by an abnormality in the brain network that results in a lack of attention control \[[@b26-arm-19112],[@b27-arm-19112]\]. Therefore, the maintenance of attention is accompanied by lower arousal and speed processing; this not only reduces task performance but also decreases the response to the stimulus at rest \[[@b27-arm-19112],[@b28-arm-19112]\]. The present study measured the test performance time to confirm patient attention. The LBT is a simple and clinically useful test for HSN for which various detailed test methods and analyses have been developed \[[@b29-arm-19112]\]. However, in general, there is little consideration of the time concept when analyzing the LBT. Most studies use the average of several straight lines; however, the number, length, and position of the lines on the sheet of paper differs lightly. Some studies have used the concept of time to interpret results, in which performance time \>90 seconds is indicative of severe-grade neglect \[[@b30-arm-19112]\]. The introduction of this time concept may be useful to determine the HSN severity.

Various HSN assessment tools have been developed in which various tasks are performed and evaluated. One assessment of the method of interpretation contains the concept of time (to the extent that it is performed with a time limit); however, most methods do not use the concept of time \[[@b31-arm-19112]\]. In a study using a cancellation test conducted on a touch screen, the HSN group was slower and less efficient than the control group \[[@b32-arm-19112]\]. Among patients with the same degree of severity in the previous assessment, patient who with severe loss of concentration may have a delayed performance time. Therefore, incorporation of the time concept in popularized tests such as the LBT and star calculation tests may allow a more comprehensive assessment. HSN can be accompanied by cognitive impairments in attention, memory, visual perception, and visual-motor organization \[[@b33-arm-19112]\]. Previous studies reported that patients with poor outcomes of HSN had significantly lower visual perception and memory function \[[@b34-arm-19112]\] and chronic HSN was related to sustained inattention \[[@b35-arm-19112]\]. In our study, shorter baseline LBT performance time and higher baseline MVPT-3 results had a more positive effect on patient outcomes. Therefore, cognitive impairment such as attention and visual perception affects HSN recovery in patients.

HSN patients may miss or perceive distorted information in the visual hemifield on the opposite side of the lesion during evaluation. This phenomenon makes most perceptual tests difficult for HSN patients. Some studies have developed a version of the MVPT with vertically aligned answers to eliminate these effects \[[@b36-arm-19112]\]. Rather, these tests remove the HSN variable that involves the disadvantage of not being usable for evaluating activities of daily living such as driving \[[@b37-arm-19112]\]. Our results showed no significant differences in the baseline MVPT-3 scores of both groups. However, the logistic regression results indicated that the higher the baseline MVPT-3 score, the better the prognosis. Thus, patients with the same HSN severity who had worse prognoses are expected to have lower baseline MVPT-3 scores.

The MMSE was originally developed to diagnose dementia and has a variety of cognitive subdomains \[[@b38-arm-19112],[@b39-arm-19112]\]. In previous studies, patients with neglect mostly showed decreased time orientation, attention, and recall on the MMSE \[[@b17-arm-19112],[@b40-arm-19112]\]. The present study observed no statistically significant differences in MMSE total score. In future studies, it would be helpful to target more patients and use cognitive assessments with reliable subdomain variables.

This study has several limitations. First, the stroke patients who participated in this study received conventional rehabilitation for 4 weeks between the baseline and the follow-up evaluations. Therefore, there was the possibility of bias introduced by the treatment intervention. However, cognitive and neglect treatments were administered similarly as per the patient's functional level; therefore, the results are not expected to have a significant effect. Second, the number of patients was small and long-term prognosis evaluation is needed. Third, further study is needed to assess the relationship between elevated LBT grade and prognosis. In this study, the LBT grades were analyzed based on increase or maintenance and grade decrease. The grade change from 2 to 1 and from 3 to 1 can differ; however, a small number of samples made it difficult to finely classify the groups. Future studies should enroll more patients and perform comparisons among patients with different degrees of HSN severity.

In conclusion, the LBT is one of the most commonly used testing tools in HSN patients. This study observed a significant association between LBT performance time and HSN prognosis. In addition, the baseline MVPT-3 score can be considered in predicting prognosis. The measurement of LBT performance time is simple and can be used to predict the prognosis of HSN patients.

No potential conflict of interest relevant to this article was reported.

This work was supported by a grant from the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (No. HI16C1559).

Conceptualization: Kim JM, Kwon S. Methodology: Kim JM, Kim M, Kwon S. Formal analysis: Kim JM, Kwon S. Project administration: Kim JM. Visualization: Kwon S, Park W. Writing -- original draft: Kwon S, Park W. Writing -- review and editing: Kim JM, Kim M. Approval of final manuscript: all authors.

![Examples of evaluation tool. (A) Line bisection test consists of 20 horizontal lines and (B) Motor-Free Visual Perception Test is a multiple-choice test that can evaluate spatial relationship, visual discrimination, figure-ground discrimination, visual closure, and visual memory.](arm-19112f1){#f1-arm-19112}
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![Comparison of results between two groups. (A) Line bisection test time, (B) Motor-Free Visual Perception Test 3rd edition, and (C) Korean version of Mini-Mental State Examination. \*p\<0.05.](arm-19112f3){#f3-arm-19112}

###### 

Demographics and clinical characteristics of patients

  Variable                                              Total (n=26)   Improved group^[a)](#tfn1-arm-19112){ref-type="table-fn"}^ (n=13)   Non-improved group^[a)](#tfn1-arm-19112){ref-type="table-fn"}^ (n=13)   p-value
  ----------------------------------------------------- -------------- ------------------------------------------------------------------- ----------------------------------------------------------------------- ---------
  Age (yr)                                              60.4±10.5      57.6±11.2                                                           63.2±9.4                                                                0.15
  Sex                                                                                                                                                                                                              0.67
   Male                                                 18             8                                                                   10                                                                      
   Female                                               8              5                                                                   3                                                                       
  Etiology                                                                                                                                                                                                         0.43
   Ischemic stroke                                      15             6                                                                   9                                                                       
   Hemorrhagic stroke                                   11             7                                                                   4                                                                       
  Onset to baseline evaluation (day)                    41.8±87.0      56.6±122.2                                                          27.0±18.6                                                               0.55
  Side of brain lesion                                                                                                                                                                                             0.44
   Right                                                19             10                                                                  9                                                                       
   Left                                                 3              2                                                                   1                                                                       
   Bilateral                                            4              1                                                                   3                                                                       
  Location of brain lesion                                                                                                                                                                                         0.37
   Frontal                                              13             6                                                                   7                                                                       
   Parietal                                             9              3                                                                   6                                                                       
   Temporal                                             5              2                                                                   3                                                                       
   Others^[b)](#tfn2-arm-19112){ref-type="table-fn"}^   13             8                                                                   5                                                                       
  Baseline K-MBI score                                  50.4±22.8      50.0±23.8                                                           50.8±22.7                                                               1.00
  Received rTMS                                         5              2                                                                   3                                                                       

Values are presented as mean±standard deviation.

K-MBI, Korean version of Modified Barthel Index; rTMS, repetitive transcranial magnetic stimulation.

Improved group is a group with line bisection test score change, and non-improved group is a group with no score change.

Occipital, thalamus, basal ganglia, brain stem, cerebellum.

###### 

Comparison of LBT, K-MMSE and MVPT-3 results between two groups

  Variable                    Improved group (n=13)   Non-improved group (n=13)   p-value
  --------------------------- ----------------------- --------------------------- ----------------------------------------------------
  LBT grade                                                                       
   Baseline evaluation                                                            0.63
    Grade 0 (normal)          0                       0                           
    Grade 1 (mild)            9                       10                          
    Grade 2 (moderate)        1                       1                           
    Grade 3 (severe)          3                       2                           
   After 4 weeks evaluation                                                       0.00^[\*\*](#tfn4-arm-19112){ref-type="table-fn"}^
    Grade 0 (normal)          10                      0                           
    Grade 1 (mild)            2                       8                           
    Grade 2 (moderate)        0                       2                           
    Grade 3 (severe)          0                       3                           
  LBT time (sec)                                                                  
   Baseline LBT time          61.45±25.12             101.15±58.57                0.03^[\*](#tfn3-arm-19112){ref-type="table-fn"}^
   ΔLBT time                  10.85±16.94             30.49±65.30                 0.58
  MVPT-3                                                                          
   Baseline MVPT-3 score      41.00±11.14             28.46±17.60                 0.20
   ΔMVPT-3 score              6.69±6.01               11.92±12.95                 0.45
  K-MMSE                                                                          
   Baseline K-MMSE score      23.00±4.69              19.69±5.14                  0.15
   ΔK-MMSE score              3.77±2.98               5.62±2.53                   0.07

Values are presented as mean±standard deviation.

LBT, line bisection test; MVPT-3, Motor-Free Visual Perception Test 3rd edition; K-MMSE, Korean version of Mini-Mental State Examination.

p\<0.05,

p\<0.01.

###### 

Logistic regression analysis for prognosis of hemispatial neglect

  Variables                            OR       95% CI             p-value
  ------------------------------------ -------- ------------------ --------------------------------------------------
  Age (yr)                             0.95     0.82--1.10         0.48
  Sex, male                            48.68    1.20--1,967.42     0.04^[\*](#tfn5-arm-19112){ref-type="table-fn"}^
  Onset to baseline evaluation (day)   1.11     1.00--1.24         0.06
  Side of brain lesion, right          1.95     0.01--414.86       0.81
  Location of brain lesion                                         
   Frontal                             40.97    0.22--7,704.45     0.16
   Parietal                            0.00     0.00--1.71         0.07
   Temporal                            212.76   0.11--400,574.19   0.16
  Baseline LBT time (sec)              0.95     0.90--1.00         0.04^[\*](#tfn5-arm-19112){ref-type="table-fn"}^
  Baseline MVPT-3 score                1.20     1.01--1.43         0.04^[\*](#tfn5-arm-19112){ref-type="table-fn"}^
  Baseline K-MMSE score                1.36     0.74--2.48         0.32

OR, odd ratio; CI, confidence interval; LBT, line bisection test; MVPT-3, Motor-Free Visual Perception Test 3rd edition; K-MMSE, Korean version of Mini-Mental State Examination.

p\<0.05.
